The contribution of the early postnatal environment to the pervasive effects of prenatal alcohol exposure (PAE) is poorly understood. Moreover, PAE often carries increased risk of exposure to adversity/stress during early life. Dysregulation of immune function may play a role in how pre-and/or postnatal adversity/stress alters brain development. Here, we combine two animal models to examine whether PAE differentially increases vulnerability to immune dysregulation in response to early-life adversity. PAE and control litters were exposed to either limited bedding (postnatal day [PN] 8-12) to model early-life adversity or normal bedding, and maternal behavior and pup vocalizations were recorded. Peripheral (serum) and central (amygdala) immune (cytokines and C-reactive protein -CRP) responses of PAE animals to early-life adversity were evaluated at PN12. Insufficient bedding increased negative maternal behavior in both groups. Early-life adversity increased vocalization in all animals; however, PAE pups vocalized less than controls. Early-life adversity reduced serum TNF-a, KC/GRO, and IL-10 levels in control but not PAE animals. PAE increased serum CRP, and levels were even higher in pups exposed to adversity. Finally, PAE reduced KC/GRO and increased IL-10 levels in the amygdala. Our results indicate that PAE alters immune system development and both behavioral and immune responses to early-life adversity, which could have subsequent consequences for brain development and later life health.
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Introduction
Brain development is a dynamic and continuous process that starts very early in prenatal life and extends through adolescence (Andersen, 2003; O'Mahony et al., 2017) . Exposure to adversity and/or stress in any of these life stages can negatively alter the neurodevelopmental trajectory, putting the individual on a pathway to pathology. Among many potential adverse environmental factors, alcohol, in addition to its teratogenic effects, can program developing neurobiological systems, altering brain development and increasing vulnerability to cognitive and behavioral deficits, as well as physical and mental health problems (Hellemans et al., 2010a; Riley et al., 2011; Schneider et al., 2011; Valenzuela et al., 2012; Weinberg et al., 2008) . Importantly, exposure to alcohol during gestation carries with it an increased risk of being exposed to adverse and/or stressful environments during postnatal life (O'Connor and Kasari, 2000; O'Connor and Paley, 2006; Streissguth et al., 2004) . Moreover, consistent findings indicate that early postnatal adversity such as neglect, abuse, and/or maltreatment -especially from the caregiver -can also change brain development and have long-lasting consequences for the physical and mental health of the offspring (Chen and Baram, 2016; Cirulli et al., 2009; Danese and McEwen, 2012; Drury et al., 2016; Heim et al., 2010; McEwen, 2008; Raineki et al., 2012; Teicher et al., 2003) . Nevertheless, relatively few studies have investigated how exposure to adverse and/or stressful environments early in postnatal life contributes to the pervasive and long-lasting negative effects of PAE (Alberry and Singh, 2016; Price et al., 2017) .
A leading mechanistic hypothesis about how pre-and/or postnatal adversity can affect brain development suggests that dysregulation of the normal cytokine balance may play a role (Ganguly and Brenhouse, 2015; Hennessy et al., 2010; Miller et al., 2011; Nusslock and Miller, 2016) . Cytokines are potent neuromodulators of brain development, affecting neurogenesis, neuronal migration, synaptogenesis, and synaptic pruning (Bajetto et al., 2001; Bessis et al., 2005; Deverman and Patterson, 2009; Smith et al., 2007; Stephan et al., 2012) . As a result, altered cytokine balance may affect many important neuronal processes, resulting in abnormal brain development and increased vulnerability to adverse adaptive, functional and health outcomes in later life (Babri et al., 2014; Bauman et al., 1997; Bilbo and Schwarz, 2009; Ganguly 
